THE  USE  OF  ZINC-LEAD  COMPOSITES 
TO  PREVENT  THE  CORROSION  OF 
LEAD 


Sean  W.  Morefield 

Construction  Engineering  Research  Laboratory 

Charles  A.  Weiss,  Jr.,  Ph.D. 

Philip  G.  Malone,  Ph.D. 

Geotechnical  and  Structures  Laboratory 


U.S.  Army  Corrosion  Summit  2010 
9-11  February,  2010 


US  Army  Corps  of  Engineers 

BUILDING  STRONG® 


Report  Documentation  Page 


Form  Approved 
OMB  No.  0704-0188 


Public  reporting  burden  for  the  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources,  gathering  and 
maintaining  the  data  needed,  and  completing  and  reviewing  the  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this  collection  of  information, 
including  suggestions  for  reducing  this  burden,  to  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports,  1215  Jefferson  Davis  Highway,  Suite  1204,  Arlington 
VA  22202-4302.  Respondents  should  be  aware  that  notwithstanding  any  other  provision  of  law,  no  person  shall  be  subject  to  a  penalty  for  failing  to  comply  with  a  collection  of  information  if  it 
does  not  display  a  currently  valid  OMB  control  number. 


1.  REPORT  DATE 

FEB  2010 


2.  REPORT  TYPE 


3.  DATES  COVERED 

00-00-2010  to  00-00-2010 


4.  TITLE  AND  SUBTITLE 

The  Use  of  Zinc-Lead  Composites  to  Prevent  the  Corrosion  of  Lead 


5a.  CONTRACT  NUMBER 


5b.  GRANT  NUMBER 


5c.  PROGRAM  ELEMENT  NUMBER 


6.  AUTHOR(S) 


5d.  PROJECT  NUMBER 


5e.  TASK  NUMBER 


5f.  WORK  UNIT  NUMBER 


7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS (ES) 

U.S.  Army  Engineer  Research  and  Development  Center 

(ERDC), Construction  Engineering  Research  Laboratory  (CERL),PO  Box 

9005,  Champaign,  IL,  61822 


8.  PERFORMING  ORGANIZATION 
REPORT  NUMBER 


9.  SPONSORING/MONITORING  AGENCY  NAME(S)  AND  ADDRESS  (ES) 


10.  SPONSOR/MONITOR’S  ACRONYM(S) 


11.  SPONSOR/MONITOR’S  REPORT 
NUMBER(S) 


12.  DISTRIBUTION/AVAILABILITY  STATEMENT 

Approved  for  public  release;  distribution  unlimited 


13.  SUPPLEMENTARY  NOTES 

2010  U.S.  Army  Corrosion  Summit,  Huntsville,  AL,  9-11  Feb 


14.  ABSTRACT 


15.  SUBJECT  TERMS 


16.  SECURITY  CLASSIFICATION  OF: 


a.  REPORT 

unclassified 


b.  ABSTRACT 

unclassified 


c.  THIS  PAGE 

unclassified 


17.  LIMITATION  OF 

18.  NUMBER 

ABSTRACT 

OF  PAGES 

Same  as 

15 

Report  (SAR) 

19a.  NAME  OF 
RESPONSIBLE  PERSON 


Standard  Form  298  (Rev.  8-98) 

Prescribed  by  ANSI  Std  Z39-18 


Lead  -  Oldest  Industrial  Pollutant 


■  Still  widely  used 

►  Ballast 

►  Radiation  shielding 

►  Ammunition 

■  Corrodes  slowly — but  corrosion  products  are 
serious  hazard 

■  Lead  hydroxide,  lead  carbonate,  and  lead 
sulfate  can  be  distributed  into  the  environment 

■  Lead  poisoning  is  serious  and  difficult  to  reverse 
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Controlling  Lead  Corrosion 


■  Maintain  non-aggressive  environment 

►  Organic  acids  are  biggest  problem — think  soil! 

■  Encapsulate  in  less  corrosive  metal 

►  Bullets  have  copper  jackets  -bad  choice 

►  Shielding  can  be  stainless  steel  clad 

■  Cathodic  protection  -  an  unused  approach 

►  Think  zinc-plated  lead,  “galvanized  lead” 
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Why  Add  A  Layer  of  Zinc  to  Lead? 


■  Zinc  can  isolate  the 
lead  physically  and 
galvanically  protect 
it  from  corrosion 

■  Zinc  will  be  released 
in  low  quantities  and 
should  pose  no 
environmental  risk 


* 

ZflCOHjj 


Zinc  protects  lead  and  copper  from 
corrosion  in  the  same  way  as  it 
protects  iron  from  rusting 
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Protected  by  Zinc 


Practical  Galvanic  Series 


METAL 

VOLTS 

Commercially  pure  magnesium 

-1.75 

Magnesium  alloy  (6%  Al, 

3%  Zn.  0.15%  Mn) 

-1.60 

Zinc 

-1.10 

Aluminum  alloy  (5%  Zn) 

-1.05 

Commercially  pure  aluminum 

-0.80 

Mild  steel  (clean  and  shiny) 

-0.5  to 
-0.8 

Mild  steel  (rusted) 

-0.4  to 
-0.55 

Cast  Iron  (not  galvanized) 

-0.50 

Lead 

-0.50 

Mild  steel  in  concrete 

-0.20 

Copper,  Brass,  Bronze 

-0.20 

Mill  scale  on  steel 

-0.20 
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How  “Corrosion-Proof’  Would  A  Lead/Zinc  Composite  Be? 


Results  of  24-hr  Leaching  Test  with  0.1  N  Acetic  Acid 


Sample  Designation 

Mass  of  Sample 
Slug  (gm) 

Concentration  of 
Lead  in  Leachate 
(ppm) 

Lead  only  #1 

0.852 

s> 

Lead  only  #2 

1.23 

14.1 

Pb/Zn  composite  #1 

0.952 

<0.2 

Pb/Zn  composite  #2 

0.726 

& 

Composite  is  86  wt.  %  lead,  14  wt.  %  zinc 
Pb/Zn  slugs  produced  “non-detects”  in  leachate 
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The  Biggest  Problem  -  Spent  Bullets 


Small  arms  training 
activities  typically 
deposit  between  1  and  2 
million  pounds  of  lead 
bullet  debris  into  the  soil 
at  military  training  ranges 
annually 

Most  common  round  is 
the  M855  that  is  used  in 
the  M16A2,  M4  carbine 
and  the  M249  SAW 
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Ammunition  for  the  M16A2  Infantry  Rifle 


Bullet  from  M855  Round 
(SSI  09) 


Steel  Core 


•  The  M855  replaced  the  Ml  93 
round 

•  Major  difference  is  the  steel 
penetrator 

•  Full  metal  jacket  with  boat 
tail  design 

•  Weight  -  62  grains  (4.02  g) 

(1  gram  =  15.43  grains) 

•  Cartridge  is  5.56  x  45  mm 

•  Contains  2  grams  of  lead 
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Commercially  Available 


Plated 

■  You  can  buy  zinc-plated 
iron  shot 

■  You  can  buy  copper- 
plated  (also  nickel- 
plated)  lead  shot 

■  But  no  one 
manufactures  a  zinc- 
plated  lead  shot 

■  Copper  and  nickel  on 
lead  accelerate  the 
corrosion  of  lead,  zinc¬ 
plating  would  protect 
the  lead 


Shot 
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How  Can  the  Composite  be  Fabricated? 


Each  bullet  fragment  should  consist  of  zinc  and  lead 
All  of  the  zinc  should  be  accessible  to  etching 
Composite  should  be  made  efficiently  and  economically 

Possibilities: 

►  Layers  of  zinc  and  lead  heat-fused 

►  Electroplating  pieces  and  swaging 

►  Mechanical  plating  and  forming 

►  Exsolution  from  melt  and  forming 


SEM  photomicrograph  of  Zn  plating  on  Pb  wire. 
Coating  is  ~  40  to  50  micrometers  thick. 
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Molten  Zn  and  Pb  Separate  on  Cooling 


■  Solidified  layer  of  Zn 
contains  very  little  Pb 

■  Zn  solidifies  and  floats 
on  Pb 

■  Casting  can  produce  a 
composite  that  can  be 
easily  varied  in  the 
relative  thickness  of 
composite  layers 

■  Total  thickness  of 
composite  can  be 
controlled 

■  Final  formation  can 
involve  rolling,  stacking 
and  swaging,  or  fusing. 


Weight  Percent  Zinc 

0  10  20  30  40  50  60  70  80  90  100 


Zn-Pb  Binary  Phase  Diagram 
(from  Okamoto,  Journal  of  Phase 
Equilibria,  Vol.  24,  No.  5,  2003) 


BUILDING  STRONG® 


Interface  of  Zinc  and  Lead 


Strong  bond 
from  zinc  to 
lead 

Minor 
mixing  at 
immediate 
boundary 

Elemental 
XRF  shows 
two  near- 
pure  phases 
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Elemental  Map  of  Interface 

■  Irregular 
boundary  but 
excellent 
separation 

■  Composite  can 
be  made  on  any 
scale  since 
boundary  layer 
is  thin 

tsi 
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Summary 


Using  lead/zinc  composites  instead  of  pure  lead  can 
greatly  reduce  the  rate  of  corrosion  of  the  lead  and 
the  loss  of  lead  into  surrounding  soil  and 
groundwater 

Several  methods  of  producing  the  composite  are 
available:  fusing,  plating,  and  now  exsolution 

The  Pb/Zn  composite  can  probably  be  produced  at  a 
cost  that  will  allow  it  to  be  competitive  with  the  pure 
lead  product 

The  Army’s  U.S.  Patent  No.  6,095,052  and  U.S.  Patent 
No.  6,938,552  describe  the  basic  technology  and 
techniques  for  fabrication 

Adaptations  and  improvements  should  be  able  to 
proceed  without  major  IP  issues 
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QUESTIONS? 
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